Background: Background: Remediation of deficits is one approach used by occupational therapists in the treatment of clients with acquired brain injury (ABI). This retrospective study examined outcomes after participation in Cognitive Perceptual Motor Retraining (CPM) of clients with ABI and identified demographic and injury characteristics of clients that were associated with outcomes. CPM was delivered as part of the standard treatment and was not designed for research purposes.
Occupational therapists are typically part of an interdisciplinary team of professionals involved in the rehabilitation of patients with acquired brain injury (ABI). Many factors determine the goals that occupational therapists establish and the types of services they provide. One important client factor is the potential for change or improvement.
According to the Occupational Therapy Practice Guidelines for Adults with Traumatic Brain Injury (TBI), If the individual with TBI demonstrates potential for improvement in underlying cognitive and motor impairments, shows awareness of current limitations, and shows the ability to alter performance when provided cues and feedback, the occupational therapist may choose to focus intervention on restoring underlying cognitive and motor impairments that contribute to difficulties in the performance of functional tasks (Golisz, 2009, Intervention Addressing Areas of Occupation, para. 5).
The remediation approach uses activities that challenge current abilities, with the therapist providing opportunities for practice using graded tasks in controlled therapeutic settings. Cognitive Perceptual Motor Retraining (CPM; Kulkarni, 1993;  Westfall, Moore, Kulkarni, Cook, & de Leon, 2005) is one therapy that uses the remediation approach for rehabilitation of TBI. This approach is systematic and hierarchical in nature, while using a bottom-up approach and repetition.
An Overview of CPM
Occupational therapists use CPM in treatment at the Origami Brain Injury Rehabilitation Center, a post-acute facility providing residential, community-based, and outpatient therapy services for individuals with ABI. Developed by Madhav Kulkarni, Ph.D., OTR., CPM is used for remediation of deficits in cognitive, perceptualmotor, and sensory-motor functioning following brain injury (Westfall et al., 2005) . CPM's remedial approach is based on the premise that due to plasticity, the brain can reacquire function through environmental stimulation. Recent evidence for neuroplasticity after cognitive rehabilitation supports the remediation approach to treatment after TBI. Neuroimaging studies have documented changes in brain activation and connectivity during a recognition task (Ueno et al., 2009 ), visuospatial attention tasks (Kim et al., 2009) , and perceptual organization and working memory (Castellanos et al., 2010) after subjects with TBI completed cognitive training.
The CPM therapist and client identify remediation goals at the initial evaluation. CPM postulates that reacquisition of skills must follow the original path of development of brain functions and therefore uses a hierarchical approach to the ordering of the identified goals and corresponding therapeutic activities (Piaget, 1973; Warren, 1993) .
CPM uses a variety of paper-and-pencil tasks, computerized activities, graduated manipulation of objects, and other activities that have specific remediation goals. CPM treatment tasks are specifically chosen for placing increasing demands on the brain in order to sequentially restore disrupted brain processes (Piaget, 1973) . All clients begin with the same sensory-motor and perceptual tasks because these tasks are assumed to precede cognitive processes. Restoration and integration of affected sensory-motor and perceptual skills will ultimately enhance cognition (Ayres, 1975 (Ayres, , 2005 .
In addition, the tasks are initially rudimentary and become more complex as the treatment is successful, with a strong emphasis on repeated practice, mastery of skills, and the reacquisition of competence (Luria, 1970; Piaget, 1973) .
Therapeutic activities include those similarly used in cognitive rehabilitation (Cappa et al., 2005; Helmick, 2010) , such as process, strategy and functional training activities, errorless learning, and awareness training (Golisz, 2009; Malia et al., 2004; Ueno et al., 2009) . Other goals include increasing tactile sensitivity and other visual-spatial, tactilekinesthetic, and fine motor skills. Several studies provide evidence for successful remediation of deficits after TBI in attention and working memory (Stablum, Umilta, Mazzoldi, Pastore, & Magon, 2007; Westerberg et al., 2007) , processing speed (Klonoff et al., 2007) , executive functioning (Serino et al., 2007) , and visual-spatial deficits (Antonucci et al., 1995; Klonoff et al., 2007; Poggel, Kasten, & Sabel, 2004) .
When clients have successfully attained most of the remediation goals, a discharge evaluation is completed to determine status and further recommendations. The remediation process is determined to by complete when the client demonstrates successful performance in the graduated tasks and significant improvements to within the normal range in a battery of tests.
Remediation activities can also be terminated when the client is observed to have reached a plateau (i.e., the client is no longer demonstrating gains and continued participation would not be of additional benefit). After remediation, CPM begins the more traditional occupational therapy approach of practicing skills in the environment in which the client will use them. This includes assessing the individual's ability to generalize his or her newly retrained skills to relevant environments such as home, work, or school. In cases when deficits remain after maximal progress has been attained, the therapist and client work on compensatory strategies and identifying alterations to the environment.
CPM is a remediation approach used by occupational therapists. It differs from traditional occupational therapy practice in that it combines therapies that are typically provided by different professionals. These include sensory integration activities, which are provided by occupational therapists, and cognitive remediation, which is more typically addressed by speech and language pathologists and neuropsychologists. This bottomup approach also differs from the typical occupational performance focus (AOTA, 2008) .
There is an emphasis on large amounts of repeated practice of basic foundational skills. The reacquisition of skills is evaluated in formal retesting. Similar to occupational therapy practice is the additional evaluation of skills through observations of the client's ability to function in his or her environment through the use of the underlying reacquired skills. For example, improvements in occupational skills (e.g., visual scanning during driving simulation and left to right tracking in reading), speed of processing during daily activities (e.g., meal preparation and safety in the community), and mental tracking and sequencing in daily tasks (e.g., dressing or completing learned work tasks).
CPM is typically administered as part of integrated rehabilitation services, which include physical therapy, speech therapy, psychology, and vocational therapy. It is often used as one of the initial therapies that prepare a client for more advanced rehabilitation activities, such as vocational rehabilitation and the return to driving.
The improvements following CPM enable patients to engage in more challenging therapies that prepare them for a return to productivity.
Study Objectives
The primary aim of this retrospective study was to examine the outcomes of individuals with ABI after participation in CPM. Specifically, this study (a) compares initial and discharge CPM evaluation test scores and (b) describes the discharge status of clients.
A secondary aim was to identify the clients' demographic and injury characteristics that are associated with outcomes. Demographic characteristics include age, gender, educational attainment, marital status, and work/school status at time of injury. Injury characteristics include brain injury severity and time since injury. Other variables include litigation status and concurrent psychiatric diagnosis.
Method
This retrospective study is a report of outcomes after CPM, which was delivered as part of a standard treatment and was not designed for research purposes. We retrospectively reviewed and analyzed 59 client records. Occupational therapists provided CPM assessments and treatments. The therapists were trained in CPM while they were clinical interns prior to their subsequent hiring. The training typically occurred during a one-semester internship (40 hr per week for 3 months) and involved assigned readings, lectures/discussions on the CPM theoretical framework, initial shadowing of a CPM-trained therapist, testing and treatment laboratory, supervised test administration, treatment and report writing, and weekly meetings to discuss clients and the CPM approach.
We identified clients through the medical records. Clients were eligible for inclusion if they received and had been discharged from CPM services between 1998 and 2009, had initial and discharge CPM evaluations, and were between the ages of 18-64 years. We excluded clients older than 64 years of age because of the increased likelihood of other health issues, such as cardiovascular conditions, arthritis, and mild cognitive decline that may affect cognitive and sensorimotor functioning.
We excluded clients who did not speak English in order to exclude poor performance that may be due to a lack of language proficiency. We also excluded clients with other diagnoses indicative of cognitive disorder not due to TBI (e.g., dementia). We had initially included three clients with ABI due to stroke, but excluded them from analysis because of the differences in injury mechanisms (i.e., injury due to occlusion of oxygen rather than injury due to force trauma). We had also initially reviewed three to 2009 (i.e., 77% of all clients seen at the facility were less than a year postinjury and 23% more than a year postinjury). Table 1 Hammill, 1985 Hammill, 1985 Letter Sequences of the DTLA-2 Hammill, 1985 Hammill, 1985 Symbol Digit Modalities Test Smith, 1991 Smith, 1991 Arithmetic subtest of the WRAT-3/WRAT-4 Wilkinson, 1993; Wilkinson & Robertson, 2006 Wilkinson, 1993 Wilkinson & Robertson, 2006 The Symbol Digit Modalities Test assesses attention, short-term visual memory, encoding and decoding of information, and incidental and intentional learning. The Arithmetic subtest of the Wide Range Achievement Test assesses logical quantitative reasoning and arithmetic calculations.
CPM therapists have been using the Object
Sequences and Letter Sequences of the Detroit
Tests of Learning Aptitude -2 (DTLA-2; Hammill, 1985) to assess short-term visual and linguistic memory. These tests have since been replaced.
However, for this study, we included DTLA-2 scores because of the inclusion of older records. Demographic and injury characteristics as correlates. Demographic variables included age, gender, race, education, pre-injury work status, TBI severity, and marital status.
Data Analyses
The Statistical Package for the Social Sciences, SPSS versions 17 and 19 for statistical calculations (IBM, 2010; SPSS, 2008) was used for all data analyses. Two-tailed tests of significance were calculated with alpha set at .05. Descriptive statistics, such as mean scores, standard deviations, and standard error summarized demographic and injury characteristics. The median was also reported when distributions were skewed. The 95% confidence interval was calculated when appropriate.
We analyzed the distribution of scores using the Kolmogorov-Smirnov and Shapiro-Wilk (SPSS) tests of normality and a visual examination of histograms. This analysis showed non-normal distributions of most of the test scores. Therefore, we used the nonparametric Wilcoxon signed-ranks test to compare initial and discharge CPM evaluation test scores. We calculated effect size for the Wilcoxon test using the formula r = │Z│/ √N, where Z is the approximation of the Wilcoxon statistic, and N is the number of observations x 2 (Cohen, 1988; Grissom & Kim, 2005) . Cohen (1988) recommends a cut-off of .30 to signify a medium effect and .50 to signify a large effect.
To determine associations between discharge status and demographic and injury characteristics of clients, we used a variety of tests depending on the data level: Pearson r when both variables were interval level (e.g., time since injury in months and percentage of goals met), Chi Square tests of independence or the Fisher test when both variables were categorical (e.g., TBI severity and discharge to home with independent status), and the Mann-Whitney U test when one variable was categorical and the other variable was interval level (e.g., has a psychiatric diagnosis and duration of CPM in weeks).
Results
We examined outcomes after participation in CPM by clients with TBI. We also identified client characteristics that were associated with discharge outcomes. Cohen's recommended cut-off values of r = .30 for medium and r = .50 for large effect sizes, 15 of the 19 tests showed medium effect size and three showed large effect size.
Comparison of Initial and Discharge Evaluation

Test Scores
Differences in change scores according to injury characteristics. Examination of demographic and injury characteristics revealed that change scores tapered off with increasing time since injury (see Table 4 ). Those who participated in CPM within six months of their injury significantly improved in all tests. Those who participated within 7-11 months of injury improved in 58% of tests, and those who participated a year or more postinjury improved in 50% of tests. Although gains were made in fewer tests for those with more remote injuries, effect sizes were moderate to strong for these groups as well.
Injury severity showed an unpredictable pattern of change scores (see Table 5 ). Both those with mild or severe TBI showed significant improvements in more test scores (79% and 89% of test scores, respectively) than those with moderate TBI (58%). This finding may be due to the relatively small sample of moderate TBI clients (N = 10), which requires larger differences between scores to reach statistical significance. The results
show that even those with severe TBI had significant improvements at re-evaluation. 
Other Discharge Outcomes and Associated
Characteristics
We analyzed other discharge outcomes, such as duration of participation in CPM, percentage of goals met, locations of and reasons for discharge, and productivity status at the time of discharge. For this paper, discharge refers to termination of CPM services rather than to the release from all or other rehabilitation services. This post-hoc examination of individual outcomes showed a greater tendency for employers to provide more flexibility to employees who were working full-time at the time of their injury, including allowing a medical leave of absence and a gradual return to employment accompanied by reasonable accommodations to facilitate an earlier return.
Duration of participation in
Discussion
As part of an interdisciplinary team's plan of care for individuals with brain injury, CPM is used as one of the initial therapies that aim at restoring tactile-kinesthetic, visual-spatial, manual motor, and cognitive skills lost to injury. This retrospective study examined the status of clients with TBI at the point of discharge from CPM. There were improvements in test scores from the initial and discharge evaluations. Those who were within six months postinjury improved in more tests than those 7-11 months and 1 year or more postinjury.
Progress was more modest with those who participated in CPM more than six months after injury. However, effect sizes remained moderate to strong in tests that improved. Studies have demonstrated the importance of environmental enrichment in the post-acute or chronic stages of TBI, with either continued improvement (Frasca, Tomaszczyk, McFadyen, & Green, 2013) or prevention of neural atrophy and consequent decline (Miller, Collela, Mikulis, Maller, & Green, 2013) .
The improvements after CPM enabled clients to engage in more challenging therapies, such as vocational therapy, that prepare them for a return to productivity. At the completion of CPM, more than half of the clients were engaged in productive activity, such as return to employment, had returned to previous employment, started a new job, or returned to school. There were some who were not ready to return to work at the time of discharge from CPM but were engaged in prevocational activities, such as participation in vocational rehabilitation. None of the injury or demographic variables were associated with return to work or school. The ability or opportunity to return to work may be a combination of different factors that affect individuals specifically. One such factor is employer support.
Another positive outcome of CPM is discharge to home with independent status. More than half of the clients attained this goal. Onefourth were discharged to home but initially with some supervision. TBI severity was associated with this outcome. Fewer clients with severe TBI were deemed to have the ability to regain independent status. For these clients, maximum remediation was reached in CPM, and additional significant progress was not anticipated. 
Study Limitations
There are limitations due to the retrospective nature of the study. This study examined CPM as typically delivered in the framework of a team.
Concurrent therapies do occur, and it is, therefore, difficult to identify how much of the client's progress is specifically due to CPM, especially in areas that overlap with other therapies. However, progress was also observed in areas that are uniquely addressed by CPM (e.g., tactile-kinesthetic and visual-spatial skills). It is also possible that spontaneous recovery may have occurred.
However, the considerable time that had elapsed since injury for some of the clients demonstrates that improvements could be observed even past the time when spontaneous recovery could be expected.
In addition, the moderate to strong effect sizes suggests that more than spontaneous recovery was likely in effect. Castellanos and colleagues (2010) have demonstrated changes in neural connectivity after participation in a neurorehabilitation program by clients who were on average three months postinjury. The brain changes were associated with improvements in neuropsychological tests. Animal models have also demonstrated the enhancement of spontaneous neural restoration by external stimulation (Wieloch & Nicolish, 2006) . A review of neuroimaging studies on brain plasticity after brain injury shows that rehabilitation can interact with spontaneous factors as part of the recovery process (Chen, Epstein, & Stern, 2010) .
CPM treatment begins with a prescribed set of activities and proceeds hierarchically. The length of treatment depends on the speed of client progress. CPM is also constantly evolving. Some of the tests included in this study are no longer used because of the lack of norms that are appropriate for adults with brain injury. The weakness of a lack of appropriate norms for the DTLA-2 warrants caution in interpreting results based on these two subtests.
Implications and Recommendations
Results of this study are useful for CPM practitioners to evaluate current practices in the administration of CPM. Identification of psychiatric issues at the initial evaluation is recommended, as such issues may interfere with the client's ability to benefit from CPM or any other therapy. The VA/DoD practice guidelines for treatment of TBI emphasize the interactions between physical, cognitive, and psychological symptoms and recommend that the presence of comorbid psychiatric conditions should be treated aggressively. We recommend regular follow-up assessments so therapists can more quickly identify when maximum remediation has been achieved.
When clients are unable to remediate all skills, they should then shift focus from remediation to compensation. This ensures maximal and costeffective use of CPM.
We acknowledge that these results are preliminary and recommend additional research, particularly using prospective designs that include a control or comparison group. The results of this study can be used in determining which variables are important to include and control in future studies. This study showed that although most clients did benefit from CPM, a small number experienced limited benefits. Identification of additional client personal factors could help in the development of criteria for initiation of CPM.
There is a need, for example, to identify the minimum level of cognitive, perceptual, and motor skills that will allow the client to maximally benefit from participation in CPM. Knowledge of such factors can be used to determine if clients are ready or appropriate for a remediation type of therapy.
According to the guidelines for occupational therapists (Golisz, 2009 ), remediation may be considered when clients show the potential for improvement, awareness of current limitations, and the ability to benefit from feedback. In addition, supportive environments, such as the home, work, or school, may facilitate therapeutic success. This study shows that there are positive outcomes after participation in CPM. We also recognize the role of multiple factors contributing separately or in conjunction with CPM to successful rehabilitation after brain injury.
